We compared an alkaline phosphatase-conjugated oligonucleotide DNA probe with the Sereny test to determine the sensitivity and specificity of the probe in detecting virulent Shigella strains. The probe hybridized with all 52 Sereny-test-positive strains (sensitivity, 100%) and 4 of 21 Sereny-test-negative strains (specificity, 81%). The probe did not hybridize with any of the Sereny-test-negative S. dysenteriae type 1 strains. This nonradioactive, synthetic probe provides a simple, rapid way to test a large number of strains simultaneously in a field setting, which will contribute to an improved understanding of the epidemiologic patterns of shigellosis in developing countries.
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As worldwide efforts to control mortality from diarrhea improve through better use of oral rehydration solutions, the proportion of severe diarrhea cases due to invasive organisms such as Shigella spp. may rise. The recent, sudden, large epidemics of multiple-drug-resistant Shigella dysenteriae type 1 infections in south and Southeast Asia and central Africa (1, 6, 8, 9, 15) and the sudden increase of such infections in the United States in 1988 (4) demonstrate the importance of improved understanding of the epidemiologic patterns of shigellosis in the global efforts to control diarrheal diseases.
The capacity to process a large number of samples simultaneously is an important feature of a laboratory procedure used in epidemiologic investigations. Recently developed suitable methods that offer this advantage include the enzyme-linked immunosorbent assay to detect Shigella spp. and enteroinvasive Escherichia coli strains that express the so-called virulence marker antigens (10) and the DNA hybridization method based on the knowledge that invasive strains of Shigella (and enteroinvasive E. coli) carry a 120-to 140-megadalton plasmid (invasiveness plasmid) that encodes genes responsible for virulence (12) .
The ability of bacteria to produce dysentery is associated with their ability to produce keratoconjunctivitis in guinea pigs (Sereny test) (13) Each strain was tested for virulence in the eyes of adult albino guinea pigs by a previously described method (17) . Sterile saline was placed in the left eyes as a negative control. Strains which produced keratoconjunctivitis, ulceration, or opacity of the inoculated eyes within 72 h were considered to be virulent.
The Shigella strains were examined for the presence of high-molecular-weight plasmids by a method modified from the technique of Birnboim and Doly (2) . Two strains of E. coli, E11 and V517, with plasmids of known molecular weights (E11 strain provided by S. Falkow, Stanford University, Stanford, Calif.; strain V517 provided by S. C. Pal, WHO Collaborating Centre for Diarrhoeal Research, Calcutta, India) were included on each electrophoresis gel.
The DNA hybridization procedure was conducted at the National Institute of Communicable Diseases, Delhi, India. The alkaline phosphatase-conjugated DNA probe to detect Shigella spp. (kindly supplied by Molecular Biosystems, San Diego, Calif.) is a 21-base oligonucleotide DNA (5'-CCA-TCT-ATT-AGA-ATA-CCT-GTG-3') (Sa) 12) ; row B, Shigella dysenteriae type 1 (columns 1 to 6), S. sonnei (columns 7 to 9), S. boydii (columns 10 and 11), and S. flexneri type 6 (column 12); row C, non-lactose-fermenting E. coli strains (columns 1 to 7) used as negative controls; E. coli E11, an enteroinvasive E. coli strain used as a positive control (column 8), and a strain each of enteropathogenic E. coli (column 9), enterotoxigenic E. coli (column 10), E. coli K12 (column 11), and avirulent Shigella dysenteriae type 1 (CDC 3044-74) (column 12) used as negative controls. Reactions seen in columns 3, 4, 8, and 12 in row A; columns 3, 4, 9, and 12 in row B; and column 8 in row C were interpreted as positive. The membrane was then placed in a sealed plastic bag containing 5 ml of prehybridization buffer (0.5% bovine serum albumin, 0.5% polyvinylpyrrolidone [average molecular weight, 40,000], and 1% SDS in 5x SSC) for 15 min at 41°C. The filter membrane was hybridized for 20 min at 41°C in hybridization buffer (2 ,ul of the probe in 1 ml of prehybridization buffer). Then the membrane was washed in 0.5% SDS-2x SSC at room temperature for 15 min, in 0.1% SDS-1 x SSC at room temperature for 15 min, in 0.5% Triton X-100-1x SSC at room temperature for 15 min, and in 0.5x SSC at room temperature for 5 min.
Finally, the membrane was placed between two pieces of Whatman 3MM filter paper saturated with a color development solution (3 mg of Nitro Blue Tetrazolium in 100 ,ul of 70% [vol/vol] dimethylformamide and 1.5 mg of 5-bromo-4-chloro-3-indolyl phosphate [BCIP] in 100 ,ul of dimethylformamide added to 10 ml of a solution containing 0.1 M sodium hydrogen carbonate and 0.001 M magnesium chloride in distilled water, with pH adjusted to 9.8 with 10 N sodium hydroxide). The membrane was exposed to this solution in the dark for 2 to 4 h until the positive control developed color (Fig. 1) Among 13 S. dysenteriae type 1 strains, the DNA probe hybridized with all 9 strains that produced a positive reaction in the Sereny test (sensitivity, 100%), and did not hybridize with the other 4 that were Sereny test negative.
In this study, the sensitivity of the alkaline phosphataseconjugated oligonucleotide DNA probe in detecting virulent Shigella strains, compared with the Sereny test, was identical to that of the plasmid-derived, 32P-labeled probes of Small and Falkow (14) and Boileau et al. (3) (sensitivity, 100%). The specificity was lower (91% for the plasmidderived probes) (16) . However, the synthetic, nonradioactive probe detected all Sereny test-positive S. dysenteriae type 1 strains and none of the Sereny test-negative strains. Since a rapid diagnosis is most essential during S. dysenteriae type 1 outbreaks, this probe may be able to provide early diagnosis during such outbreaks to assist health authorities to initiate appropriate control measures.
The probe hybridized with one Sereny test-negative strain harboring the large plasmid. Sansonetti et al. (11) However, its future application may involve selection of suspected colonies from an overnight growth on a selectivemedium plate of a stool or swab culture and testing them for hybridization with the probe; if the selected colonies are found to be positive, the other colonies from the same plate can be immediately tested for agglutination in appropriate group or type antisera for further differentiation. This and other applications of this probe must be further examined.
In this study, the laboratory was set up to mimic a peripheral health center laboratory in a developing country, and all reagents other than the probe and the filter paper were procured in New Delhi, the capital city of India. Hence, this probe offers a self-sufficient diagnostic capability in a peripheral health center of a developing country and an opportunity to develop a laboratory-based surveillance system for shigellosis and enteroinvasive E. coli diarrhea in a peripheral setting.
